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abstract: Totals of 101 tiger salamanders, Ambystoma t. tigrinum (Green, 1825), and 302 blue-spotted 
salamanders, Ambystoma laterale Hallowell, 1856, were examined for helminths in 1989 and 1990 from 3 
localities in southern Michigan. Telorchis corti Stunkard, 1915, Diplostomum sp., and Proteocephalus sp. infected 
larval and newly metamorphosed tiger salamanders. Overall prevalence of infection was 64%. Larval tiger 
salamanders harbored less diverse helminth communities than metamorphs. This was attributable to the changes 
in host habitat and feeding that precluded transmission of T. corti in metamorphosed salamanders. Rhabdias 
ranae Walton, 1919, Spiroxys sp., Thelandros magnavulvaris (Rankin, 1937), Brachycoelium salamandrae 
(Frolich, 1789), echinostome metacercariae, and an unidentified metacercaria infected blue-spotted salamanders. 
Our findings of Rhabdias ranae, T. magnavulvaris, and B. salamandrae in the blue-spotted salamander and 
Diplostomum sp. in the tiger salamander are new host records. 
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The parasites of tiger salamanders, Ambysto¬ 
ma t. tigrinum, have been studied by Frandsen 
and Grundmann (1960), Waitz (1960), Watertor 
(1967), Ulmer (1970), Dyer and Brandon (1973), 
and Brooks (1976, 1978). Except for the Wis¬ 
consin study of Coggins and Sajdak (1982) on 
adult tiger and blue-spotted salamanders, Am¬ 
bystoma laterale, little is known about the par¬ 
asites of ambystomid salamanders in the Great 
Lakes area. The objectives of this study were: 1) 
to describe the prevalence and intensity of hel¬ 
minths in tiger and blue-spotted salamanders, 2) 
to describe the effects of metamorphosis on hel¬ 
minth community diversity in tiger salamanders, 
and 3) to compare prevalence and intensity of 
helminths of larval and adult blue-spotted sal¬ 
amanders from 2 different localities. 

Materials and Methods 

In May, June, and August 1989, 87 (x ± SD snout- 
vent length = 49 ± 23.7, range 15-82 mm) larval and 
14 (79 ± 5.1, 72-88 mm) newly metamorphosed tiger 
salamanders were examined from Jackson Pond. Lar¬ 
vae were collected by dip net and newly metamor¬ 
phosed individuals by hand from around the pond. 
This pond, located in south-central Michigan in Jack- 
son County, is drained each fall. 

Nine (55 ± 8.2, 42-68 mm) adult blue-spotted sal¬ 
amanders were collected by hand from the Otis Lake 
Area, Barry County, southwestern lower Michigan in 
March through May 1989. In May, June, and August 
1989, 201 (23 ± 10.2, 7^4 mm) larvae were collected 
from 2 permanent ponds and 24 (40 ± 2.4, 36^6 mm) 
newly metamorphosed individuals were collected near 
the ponds where larvae were captured. Fifty-six (17 ± 


3.6, 10-30 mm) larval and 12 (45 ± 11.5, 32-78 mm) 
adult blue-spotted salamanders were collected in March 
through June 1990 from a small permanent pond and 
swamp in the Rose Lake Wildlife Area, Clinton and 
Shiawassee counties, south-central Michigan. The ponds 
and swamp are surrounded by a mixed deciduous for¬ 
est. 

Salamanders were pithed or killed in MS222 (ethyl 
m-aminobenzoate methane sulfonic acid) and exam¬ 
ined within 24 hr of collection. Helminths were pro¬ 
cessed using conventional techniques. Parasite species 
were not analyzed by salamander sex because of dif¬ 
ficulties encountered in sexing. Prevalence is the per¬ 
centage of salamanders infected in a sample; mean in¬ 
tensity is the mean number of worms per infected 
salamander, and values are expressed as a mean ± 1 
SD. Brillouin’s index, appropriate for fully censused 
communities and evenness (Pielou, 1975) were cal¬ 
culated for each infracommunity in tiger salamanders 
and included all helminths irrespective of their site of 
infection. Values were calculated using common log¬ 
arithms. Species richness is the number of helminth 
species per salamander. Voucher specimens have been 
deposited in the U.S. National Parasite Collection, 
Beltsville, Maryland 20705: Telorchis corti (82122), 
Diplostomum sp. (82123), Brachycoelium salaman¬ 
drae (82124), Rhabdias ranae (82125), Thelandros 
magnavulvaris (82126), and Spiroxys sp. (82127). 
Specimens of the other helminth species were not re¬ 
tained by the authors and therefore were not deposited. 

Results 

Three helminth species infected tiger sala¬ 
manders with 59% of the larvae and 100% of 
newly metamorphosed individuals harboring at 
least 1 helminth. One small, immature Proteo¬ 
cephalus sp. occurred in the small intestine of a 
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Table 1. Monthly and overall prevalence and mean intensity of Telorchis corti and Diplostomum sp. in larval 
and newly metamorphosed Ambystoma t. tigrinum from Jackson Pond, Michigan in 1989. 


Month 


Telorchis corti 

Diplostomum sp. 

Number 

examined 

Prevalence* 

Mean intensity 
± 1 SD (range) 

Prevalence* 

Mean intensity 
± 1 SD (range) 

May 

41t 

0(0) 

_ 

4(10) 

1.3 ± 1 (1-2) 

June 

30t 

29 (97) 

83.1 ± 58 (1-181) 

29 (97) 

7.4 ± 5 (1-21) 

August 

16t 

14(88) 

247.9 ± 198 (3-720) 

16(100) 

11.7 ± 4 (7-24) 

Overall 

87t 

43 (49) 

136.7 ± 143 (1-720) 

49 (56) 

8.0 ± 5 (1-24) 

August 

14t 

8(57) 

49.8 ± 98 (1-289) 

14(100) 

10.4 ± 5 (2-21) 


* Number infected (percent infected), 
t Larvae. 

Newly metamorphosed individuals. 


larval tiger salamander collected in May. Gravid 
Telorchis corti were found throughout the intes¬ 
tine, whereas Diplostomum sp. occurred unen¬ 
cysted in the lens of the eye. There was no sig¬ 
nificant difference (Student’s f-test; P > 0.05) in 
the mean intensity of Diplostomum sp. between 
left (5.8 ± 2.8, N = 30) and right (5.3 ± 2.9, N 
= 30) lenses. The mean intensity of T. corti and 
the prevalence and mean intensity of Diplosto¬ 
mum sp. increased in larvae from May through 
August (Table 1). The prevalence and mean in¬ 
tensity of T. corti and mean intensity of Diplosto¬ 
mum sp., however, decreased in newly meta¬ 
morphosed individuals in August when compared 
to infection values in larvae in the same month. 
Forty-two (48%) of 87 larval and 8 (57%) of 14 
newly metamorphosed tiger salamanders were 
concurrently infected with T. corti and Diplosto¬ 
mum sp. Diplostomum sp. intensity was signif¬ 
icantly correlated with larval snout-vent length 
(r = 0.40, P < 0.01). In newly metamorphosed 
individuals, there were no significant correlation 
coefficients between helminth intensities and 
snout-vent length. 

Helminth species richness, helminth intensity, 
Brillouin’s diversity index, and evenness for tiger 


salamanders are presented in Table 2. All mean 
values except helminth intensity were higher in 
newly metamorphosed individuals than in lar¬ 
vae. Correlation coefficients between snout-vent 
lengths of larval tiger salamanders and helminth 
community structure measures were significant. 
None of the correlation coefficients involving 
newly metamorphosed individuals was signifi¬ 
cant. 

The lung nematode, Rhabdias ranae, had the 
highest prevalence and mean intensity of the 4 
helminth species found in adult blue-spotted sal¬ 
amanders from the Otis Lake area (Table 3). Hel¬ 
minths were not found in the 201 larval and 24 
newly metamorphosed blue-spotted salaman¬ 
ders. In the Rose Lake area, Spiroxys sp. infected 
adult blue-spotted salamanders and echinostome 
metacercariae infected larvae. The 30 larvae from 
the swamp were negative. Only 1 blue-spotted 
salamander from both localities was infected with 
2 helminth species {Spiroxys sp. and echino¬ 
stome metacercariae). 

Discussion 

The present study is the first survey on the 
helminths of ambystomid salamanders in Mich- 


Table 2. Helminth species richness, helminth intensity, Brillouin’s diversity index, and evenness for helminths 
in 87 larval and 14 newly metamorphosed Ambystoma t. trigrinum from Jackson Pond, Michigan, in 1989. Data 
are means ± 1 SD (range), and correlation coefficient. 


Salamander stage 

Helminth species 
richness 

Helminth 

intensity 

Brillouin’s index 

Evenness 

Larvae 

1.069 ± 0.95 

72.4 ± 125 

0.0556 ± 0.07 

0.1852 ± 0.24 


(0-2), 0.92* 

(0-732), 0.61* 

(0-0.25), 0.68* 

(0-0.84), 0.67* 

Newly metamorphosed 

1.571 ± 0.51 

38.8 ± 77 

0.0903 ± 0.09 

0.2998 ± 0.31 


(1-2), 0.17 

(2-303), 0.27 

(0-0.23), 0.19 

(0-0.76), 0.20 


*P < 0.01. 
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Table 3. Site of infection, prevalence, and mean intensity of helminths in 9 adult Ambystoma laterale from the 
Otis Lake area and 12 adult and 26 larval Ambystoma laterale from the Rose Lake area, Michigan. 



Site* 

Prevalence 

Mean intensity 
± 1 SD (range) 


Otis Lake Area 



Adults (9) 

Rhabdias ranae\ 

L 

67 

14.2 ± 24 (1-56) 

Thelandros magnavulvahsf 

R 

11 

3 

Brachycoelium salamandrae\ 

SI 

11 

1 

Unidentified metacercaria 

EL 

Rose Lake Area 

11 

1 

Adults (12) 

Spiroxys sp. 

SW 

50 

4.2 ± 4 (1-11) 

Larval (26) 

Echinostome metacercariae 

M 

38 

7.5 ± 5 (1-17) 


* L, lungs; R, rectum; SI, small intestine; EL, encysted on outer surface of lungs; SW, encysted in stomach wall; M, encysted 
in mesenteries, 
t Gravid individuals. 


igan and the second in the Great Lakes area. The 
helminths are dilferent from those reported in 
adult tiger and blue-spotted salamanders from 
Wisconsin by Coggins and Sajdak (1982), in Utah 
by Fransden and Grundmann (1960), and in 
Oklahoma by Dyer and Brandon (1973). Most 
salamanders examined in the present study were 
aquatic larvae; thus, helminths with terrestrial 
transmission were not expected. Other possible 
explanations for this compositional dilference in 
these ambystomid salamander helminth assem¬ 
blages may be the absence of the parasite in the 
study area, lack of an appropriate intermediate 
host, or both, as well as dilferences in times of 
salamander collections. Helminths with indirect 
life cycles infected tiger salamanders, whereas 
Rhabdias ranae, the most prevalent species in 
adult blue-spotted salamanders, has a direct life 
cycle. 

Telorchis corti (conspecific with T. bonneren- 
sis) has an extensive geographical range and has 
been found in tiger salamanders by Watertor 
(1967), Ulmer (1970), and the present study; in 
long-toed salamanders, Ambystoma macrodac- 
tylum, by Waitz (1960); in newts, Notophthalmus 
viridescens, by Muzzall (1991); and reported from 
other poikilotherms by MacDonald and Brooks 
(1989). Watertor (1967) demonstrated that am¬ 
phibians and reptiles became infected with T. 
corti by eating infected Physa gyrina. Physa sp. 
was a very common food item of larval sala¬ 
manders from Jackson Pond, thus explaining the 
high prevalence and mean intensity of T. corti. 


The significant correlation coefficient between T. 
corti intensity and larval salamander length was 
attributed to an increase in the number of Physa 
sp. eaten as salamanders increased in length. Dead 
and decomposing T. corti were found in the pos¬ 
terior intestine and rectum of newly metamor¬ 
phosed individuals. The decrease in prevalence 
and mean intensity of T. corti in newly meta¬ 
morphosed salamanders is similar to the results 
of Waitz (1960), who speculated that the loss of 
worms in adult long-toed salamanders was due 
to the change in diet that accompanies meta¬ 
morphosis, resulting in a change in the micro¬ 
environment of the small intestine. 

Kelley (1934) and Etges (1961) found Diplosto- 
mum scheuringi in the eye and brain of newts. 
Dunbar and Moore (1979) found D. desmognathi 
in the body cavity and musculature of desmog- 
nathine salamanders. Rankin (1937) reported 
Diplostomulum ambystomae in the body cavity 
of marbled salamanders, Ambystoma opacum, 
and spotted salamanders, Ambystoma macula- 
turn, whereas Price and St. John (1980) found 
Diplostomulum ambystomae in the body cavity 
of small-mouthed SdXdrmdccvd&rs, Ambystoma tex- 
anum. To our knowledge, our study is the first 
published report of Diplostomum sp. in the lens 
of an ambystomid salamander. Worms were ac¬ 
tive after they were removed from the lens, but 
it is not known if they were infective to the de¬ 
finitive host. Attempts to collect adult tiger sal¬ 
amanders returning to Jackson Pond in the spring 
of 1989 and 1990 to determine if they remained 
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infected with Diplostomum were unsuccessful. 
Diplostomum sp. had a higher mean intensity 
and prevalence in larval tiger salamanders in June 
than it did in walleye fingerlings, Stizostedion 
vitreum (see Muzzall et al., 1990). This may be 
due to salamanders staying in the pond for a 
longer period of time and being larger than wall¬ 
eyes. 

The helminth infracommunities of tiger sala¬ 
manders are in agreement with factors predicted 
by Kennedy et al. (1986) that lead to an isola¬ 
tionist community, such as ectothermy, having 
a simple alimentary canal and low vagility. The 
helminth infracommunities of newly metamor¬ 
phosed salamanders were more diverse than those 
of larvae. This may have been the result of a 
higher helminth species richness and from a re¬ 
duction in the number of T. corti, resulting in an 
increase in evenness that is related to a change 
in host habitat and physiology. These helminth 
community structure measures, except for hel¬ 
minth intensity, are similar to those values re¬ 
ported for desmognathine salamanders by Goa- 
ter et al. (1987) and for newts by Muzzall (1991). 

Of the 9 adult blue-spotted salamanders ex¬ 
amined in the spring from the Otis Lake area, 8 
were infected with 1 or more helminths. The high 
prevalence and mean intensity of Rhabdias ran- 
ae in blue-spotted salamanders were unexpected 
because R. ranae has never been reported from 
a salamander. Price and St. John (1980), how¬ 
ever, reported that Rhabdias sp. was the most 
frequently found helminth in small-mouthed sal¬ 
amanders. Ambystoma laterale is also a new host 
for Thelandros magnavulvaris and Brachycoe- 
lium salamandrae. The occurrence of T. mag¬ 
navulvaris and B. salamandrae in adults was not 
surprising because they commonly infected red- 
backed salamanders, Plethodon c. cinereus, in the 
same area (Muzzall, 1990). None of the larvae 
was infected even though their gastrointestinal 
tracts consistently contained cladocerans, cope- 
pods, ostracods, odonate larvae, mosquito pu¬ 
pae, and other invertebrates. No molluscs were 
seen in the Otis Lake area ponds when larval 
salamanders were collected, thus explaining the 
absence of trematodes. Newly metamorphosed 
salamanders contained little food in the gastro¬ 
intestinal tract, indicating they were collected be¬ 
fore the onset of heavy feeding. Only 6 adult and 
10 larval blue-spotted salamanders from the Rose 
Lake area were infected, most with 1 helminth 
species. When the data for the blue-spotted sal¬ 


amanders from the 2 localities were combined, 
4 helminth species infected adults, whereas 2 in¬ 
fected larvae. Four of the 6 helminth species found 
in blue-spotted salamanders have indirect life 
cycles. 
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